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This paper explores various forms of eco-industrial networks in advancing environmental sustainability.
Prior research on environmental sustainability primarily identiﬁes industrial actors as autonomous en-
tities or considers the role of networks in advancing environmental sustainability from a rather narrow
perspective. However, the networks of ties in which industrial ﬁrms are embedded profoundly impacts
not only their own performance, but also the natural environment in which they operate. Based on a
systematic literature review, we identify four forms of eco-industrial networks that have the potential to
advance environmental sustainability: 1) symbiosis networks, 2) sustainable supply networks, 3) envi-
ronmental issue networks and 4) environmental solution networks.
The paper presents important insights on the operational logic for each of these network forms and
the dimensions of their network architecture. The main implications of this comparison are that policy-
makers and practitioners need to become aware of the various mechanisms through which inter-
organisational networks can reduce environmental load. Furthermore, there is a need to build broad
coalitions of organisations that are mobilised to address environmental issues. We suggest that network
architecture which maximises its members' capability to self-organise while also including a coordi-
nating organisation can be highly suitable for eco-industrial networks. We also suggest some fruitful
avenues for future research on eco-industrial networks. In integrating research on eco-industrial net-
works with existing research on inter-organisational alliances and networks, the paper provides more
understanding on the multifaceted role played by various forms of eco-industrial networks in advancing
sustainability.
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Firms and industries do not accomplish the goals of environ-
mental sustainability in isolation. Organisations are embedded in
networks of social, professional and exchange relationships with
other organisational actors (Ahuja et al., 2012; Gulati et al., 2000).
In addition, problems relating to environmental sustainability are
embedded in a complex web of actors comprising businesses,
consumers, NGOs and governmental agencies which are involved
in collaboration and contestation concerning the problems and
their solutions (Wittneben et al., 2012). However, in the extant
literature on organisations and the environment, the unit ofa), sari.m.hamalainen@jyu.ﬁ
hanna-leena.pesonen@jyu.ﬁ
Ltd. This is an open access article uanalysis primarily lies at the level of individual actors instead of a
network of actors. As the locus of change primarily lies in the
network of interactions between organisations and individuals, we
need a better understanding on the linkages between environ-
mental issues and organisational networks. This paper advances
the shift of focus in the unit of analysis by examining eco-industrial
networks, deﬁned here as industrial networks that advance envi-
ronmental sustainability through inter-organisational collabo-
ration.
However, research on eco-industrial networks is surprisingly
limited and has focused primarily on industrial symbiosis (IS),
which refers to inter-ﬁrm activities that focus on the re-utilisation
of waste and by-products and the exchange of resources (e.g.
Chertow, 2000; Domenech and Davies, 2011). While the IS litera-
ture focuses on the potential of energy and material linkages be-
tween ﬁrms, it provides a limited perspective on the forms of eco-
industrial networks in advancing sustainability. Thus, we suggest
that a broader understanding is needed on the mechanismsnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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sustainability. Analysis of the operational logic and network ar-
chitecture of eco-industrial network forms could shed light on the
processes advancing environmental sustainability. Operational
logics of networks describe the focus of environmental action and
the mechanisms through which a network aims to achieve envi-
ronmental beneﬁts. Network architecture represents the form of
networks in response to their function (Fjeldstad et al., 2012). A
better understanding on the underlying structural elements of
these networks is needed to gain a deeper understanding on how
these networks operate. Our main objective in this research is to
make salient the potential mechanisms that have been addressed in
the extant literature and establish a starting point for further
empirical work. Speciﬁcally, we address two research questions:
What forms of eco-industrial networks with the potential to
advance environmental sustainability can be identiﬁed in the
literature? What are the principal operational logic and architec-
ture of these network forms?We answer these questions through a
systematic literature review by analysing four different literature
streams.
The paper begins with a general discussion on networks and
sustainability, followed by an introduction to four forms of eco-
industrial networks that have been identiﬁed through a system-
atic literature review. Subsequently, the identiﬁed forms of eco-
industrial networks are compared and their similarities and dif-
ferences evaluated through dimensions adopted from the literature
on inter-organisational alliances and networks. The paper ends
with conclusions and implications for practice and research.
2. Networks and sustainability
There is an extensive body of knowledge on how networks can
contribute to the creation of various types of outcome. Networks
enable organisations to access resources that might otherwise be
difﬁcult to develop or acquire (Ahuja et al., 2012; Gulati et al.,
2000). They transfer information that gives rise to attitude simi-
larity, imitation and generation of innovations (Ahuja, 2000; Brass
et al., 2004). Thus, networks are powerful carriers of new norms,
values and practices. In addition, they serve as governance mech-
anisms that can constrain opportunism and enhance trust (Ring
and Van De Ven, 1992).Conversely, networks also have inertial
properties that can constrain change (Kim et al., 2006).
Networks are potentially powerful tools with which to inﬂuence
the context and shape the practices of involved actors. However, we
have limited understanding on the transformative power of net-
works in addressing the problem of environmental sustainability.
Prior network research primarily focuses on the outcomes of net-
works for individual ﬁrms and industries, rather than on the
functioning of the natural environment. From the perspective of an
individual ﬁrm, network-based collaboration has been shown to
reduce risk, speed products to market and decrease the cost of
process improvement and product development (for a review, see
Fjeldstad et al., 2012).
Environmental sustainability, however, is profoundly affected
by complex networks of actors that comprise industries, NGOs and
governmental agencies. These networks are involved in collabora-
tion and contestation over the urgency of environmental problems
and the role of government and markets in addressing these
problems (Wittneben et al., 2012). In addition, speciﬁc forms of
collaborative networking can contribute to reducing the environ-
mental load of industrial operations. For example, Ostrom (2009)
regards environmental degradation as a problem of collective ac-
tion and proposes a polycentric approach that relies on small-scale
regional institutions and governance mechanisms which take
advantage of local incentives for cooperation.Collaborative inter-organisational networks are often charac-
terised by novel ways of organising that suit the collective purpose
of the network (Fjeldstad et al., 2012). It is thus vital to understand
these networks' architecture, which can be deﬁned as the synthesis
of their form in response to their function. These collaborative ar-
rangements can be conceptualised through an actor-oriented
network architecture, which is focused on enabling the set of
involved organisations to dynamically form collaborative relation-
ships. Actor-oriented network architecture comprises three major
elements: actors, commons and also protocols, processes and in-
frastructures (Fjeldstad et al., 2012). Furthermore, a study by Gulati
et al. (2012) identiﬁed two other elements through which a net-
work's architecture can be characterised. The ﬁrst element is the
permeability of boundaries; in other words, the extent to which a
network's boundaries are open or closed. Also, the internal strati-
ﬁcation of decision making affects a network's design (Gulati et al.,
2012).
Research on business and sustainability appears to draw sur-
prisingly little from the substantial literature on inter-
organisational alliances and networks. We propose that research
on eco-industrial networks will beneﬁt from better integration
with traditional network research. In addition, more understanding
on the potential and characteristics of network cooperation in
addressing environmental problems is needed.
3. Methodology
As the existing research on industrial networks and sustain-
ability is divided into mostly unrelated research streams, we
adopted a multidisciplinary systematic literature review to address
our research questions. A systematic literature review can provide a
more comprehensive analysis of the literature in comparison to
traditional, more subjective literature reviews (Denyer and
Tranﬁeld, 2006). It includes a clear statement on the purpose of
the review, a comprehensive search protocol to obtain the relevant
literature and explicit criteria for qualifying the relevant literature.
Its strength lies in reproducibility due to careful documentation of
the search protocol, thus enabling other researchers to generate
similar ﬁndings by following the same protocol (Denyer and
Tranﬁeld, 2006).
First, the search was conducted by two researchers on two
different academic databases to cover a diverse range of publica-
tions. The two chosen databases were Scopus and Web of Science.
The date range chosen for analysis was 1990e2012, and the
selected keywords were as follows:
(“Industrial” OR “Business” AND “Network” AND “Sustainability”
OR “Environmental”) OR “eco-industrial network” OR “industrial
symbiosis” OR “eco-industrial park” OR “eco-cluster” OR(“indus-
trial ecology” AND “network”)
Both databases were searched individually with the chosen
keywords. The search covered the title, keywords and abstracts of
the articles and found a total of 808 articles. Based on a review of
their abstracts, 160 articles were qualiﬁed and their full texts
scanned. This resulted in 36 articles being chosen for further
analysis. An additional three articles were identiﬁed through a
snowball method of scanning the references of the 36 selected
articles, bringing the total number of articles to 39. After this pro-
cess, a need for more recent articles on some eco-industrial
network forms became apparent. For this reason, selected jour-
nals from industrial ecology, supply chain management and mar-
keting, which are named in the next chapter, were scanned for the
years 2012 and 2013. Along this process, two more articles
matching the employed criteria were found. Thus, in total, 41
808 potentially relevant articles 
found
160 full texts retrieved for 
further analysis
36 articles meeting inclusion 
criteria
Abstract screen
(648 abstract excluded)
Full text screen
(124 full texts excluded)
Scanning references 
(3 additional articles found)
Journal scan 
(2 additional articles found)
39 articles meeting inclusion 
criteria
41 articles meeting inclusion 
criteria
Database search
Fig. 1. Summary of the systematic review.
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and exclusion criteria employed to qualify the papers for analysis
are listed in Table 1.
The ﬁnal set comprised peer reviewed journal articles in English
for which full texts were available. We focused on conceptual,
normative and descriptive articles that put forward a direct
contribution to the theoretical and/or operational understanding
on industrial networks. As the purpose of this literature review is to
advance understanding on the different forms of industrial
network in advancing sustainability, we chose to include articles
that would provide as comprehensive a perspective on these
network forms as possible, thereby enabling us to compare the
characteristic dimensions of the identiﬁed forms. The systematic
review process is shown in Fig. 1.
The full set of 41 articles was analysed in detail by two re-
searchers, both of whom gathered data on the articles on a pre-
deﬁned data collection form. The gathered data comprised study-
type methodological factors (i.e. research method; data set; data
analysis), objectives of the study, theoretical background, country
of study, and the main concepts and primary ﬁndings. In the next
section, we put forward a detailed description of the articles chosen
for the ﬁnal analysis.
4. Description of the literature
The majority of the articles that met the inclusion criteria (78%,
n ¼ 32) were published between 2007 and 2012, which demon-
strates the considerable academic interest on eco-industrial net-
works in recent years. The three most common journals
represented in our article set were the Journal of Cleaner Produc-
tion (34%, n ¼ 14), the Journal of Industrial Ecology (24%, n ¼ 10)
and Business Strategy and the Environment (12%, n¼ 5). In addition
to two other journals in the area of environmental management
(i.e. Ecological Economics; Annual Review of Energy and the Envi-
ronment), the journals represent the ﬁelds of industrial marketing
(Industrial Marketing Management; Journal of Business and In-
dustrial Marketing), geographical sciences (Geoforum; Local
Economy), supply chain and operations management (Journal of
Supply Chain Management; Journal of Operations Management;
International Journal of Production Research) and knowledge
management (Industrial Management and Data Systems).
After careful analysis of the main concepts and theoretical
backgrounds of the selected articles, we were able to identify four
distinct literature streams with a common focus on industrial
networks that aim to decrease environmental impacts through
cooperative action. However, there are key differences in the
operational logics and network structures among the networks
described by these four streams. In essence, the four streams
represent various forms of eco-industrial networks. The ﬁrst, an
industrial symbiosis network, has received the greatest attention
over recent years in the ﬁelds of industrial ecology and environ-
mental management. According to the review, it seems that in-
dustrial symbiosis has developed through exchange of material
based resources (e.g. waste and by-products) to exchange of non-
material based resources (e.g. knowledge), and social embedded-
ness has been highlighted in the discussion only during recentTable 1
Inclusion and exclusion criteria.
Inclusion criteria Exclusion criteria
Journal articles;
Full text available;
Conceptual, normative, and descriptive
studies that advance understanding
on industrial networks.
Conference proceedings;
Reviews, commentaries, editorials;
Speciﬁc technical models of networks;
No abstract available;
Non-English articles.years. The second form, a sustainable supply network, is grounded
on the supply chain management discipline. The third and fourth
network forms, an environmental issue network and an environ-
mental solution network, have received less attention and have been
studied mainly in the ﬁeld of industrial marketing, in which in-
dustrial and business networks have a long research tradition. We
will next discuss each of these models in more detail.
4.1. Industrial symbiosis networks
Industrial symbiosis (IS) focuses on the cooperativemanagement
of resource ﬂows through ﬁrms' networks. IS has been deﬁned as
“traditionally separate industries in a collective approach to
competitive advantage involving physical exchange of materials,
energy, water, and by-products” (Chertow, 2000). In addition, ex-
change of non-material resources such as knowledge and expertise
is central in IS (Lombardi and Laybourn, 2012).Thus, key issues that
relate to IS are the exchange of resources (i.e. material and non-
material), geographic proximity of actors and collaboration be-
tween industries. Geographic proximity has been regarded as cen-
tral to IS due to facilitation of material exchanges, transportation,
trust and collaboration (Lombardi and Laybourn, 2012; Taddeo et al.,
2012), and also the sharing of information and norms within social
networks (Ashton and Bain, 2012). Repeated interactions lead to the
creation of shared norms that inﬂuence actors' behaviour and pat-
terns of relationships (Ashton and Bain, 2012).
Symbiotic collaboration between ﬁrms and industries yields
ﬁnancial and environmental beneﬁts through the exchange of
complementary resources (e.g. Behera et al., 2012; Dimitrova et al.,
2007; Tudor et al., 2007). Companies can also share utilities such as
energy, water and wastewater treatment, and also services such as
transportation, landscaping and waste collection (Ashton, 2008).
Furthermore, IS aims at sustainable strategies in industrial devel-
opment (Baas and Boons, 2004). Creating and sharing knowledge
through IS networks facilitates implementation of modern tech-
nologies, eco-innovations and cultural change in organisations
(Behera et al., 2012; Lombardi and Laybourn, 2012; Mirata and
Emtairah, 2005). For instance, as a comprehensive state policy,
the Chinese government has implemented a so-called circular
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industrial parks and ecological modernisation; for example, an
eco-city (Yuan et al., 2006).
IS is a subset of industrial ecology that examines the sustain-
ability of material and energy ﬂows and cycles through industrial
systems. It encompasses studies on eco-industrial parks (see e.g.
Gibbs and Deutz, 2005; Sakr et al., 2011; Tudor et al., 2007) and
industrial ecosystems (see e.g. Ashton, 2008; Liu et al., 2012). Some
authors have employed related terms such as eco-industrial network
(Ashton and Bain, 2012; Van Ha et al., 2009), eco-cluster (Dimitrova
et al., 2007) and green industry park (Tudor et al., 2007).
4.2. Sustainable supply networks
A sustainable supply network is a form of eco-industrial network
that focuses on taking full advantage of by-products and reusable
materials while minimising waste in the supply chain (Zhu and
Cote, 2004). Sustainable supply networks, also termed green sup-
ply chain management (GSCM), have their origin in the supply
chain management literature. Sustainable supply chains aim to
balance environmental concerns with performance across the
supply chain, leading to better operational efﬁciency and less
wasted resources, with the ultimate goal of sustainable competitive
advantage (Tudor et al., 2007). Activities extend over the entire life-
cycles of products, and comprise cooperation with suppliers for
waste reduction, improved efﬁciency in manufacturing and trans-
port and the development of reverse supply chains for recycling
and reusing used products (Zhu and Cote, 2004).
Bansal and McKnight (2009) compared GSCM and IS as two
distinct strategies for the reuse of industrial waste and by-products.
They identiﬁed a key difference in the strategic logic between IS
and GSCM actors. In conventional supply chains, ﬁrmsmanufacture
and design products to meet customer needs and identify strongly
with the end products that they sell, and seek to minimise waste
and emissions along the supply chain. In contrast, ﬁrms in IS net-
works have a more entrepreneurial mindset, seeking new oppor-
tunities to extract value from waste and by-products, which might
be completely independent from the ﬁrms' main identities. The
reuse of waste and by-products in IS networks is focused on the
system-level reduction of environmental impacts, while, in GSCM,
it is more focused on single ﬁrms and value chains (Bansal and
McKnight, 2009).
Zhu and Cote (2004) identiﬁed GSCM as being important for the
development of localised eco-industrial parks, provided that the
integration of GSCM begins to form a web-type structure instead of
concentratingon thesupplychainsof singleproducts. They found that
an integrated approach to GSCM bears many similarities to the for-
mation of eco-industrial networks (Zhu and Cote, 2004). Seuring
(2004) also referred to an integrated approach to supply chain man-
agement and found that it requires wider cooperation and network-
level environmental goals among actors along the value chain
compared to traditional supply chain management. However, there
remain focal ﬁrms which are largely responsible for the coordination
of activities in the supply chain. Vachon and Klassen (2007) studied
how supply chain integration relates to focal companies' selection of
environmental technologies in which to invest. They found that
integrationwith downstream suppliers is positively linked to a larger
share of investments in pollution prevention technologies (e.g. prod-
uct and process innovation that decreases the environmental foot-
prints of products), whereas integration with upstream suppliers is
positively linked to a larger share of investment in pollution control
technologies (e.g. end-of-pipe solutions to decrease environmental
impacts). Kocabasoglu et al. (2007) found that developing reverse
supply chain activities, which relate to decreasing environmental
impacts, should not be conducted in isolation; instead, they should beintegrated with the development of forward supply chain activities
such as demand and order management.
4.3. Environmental issue networks
The third form of eco-industrial network identiﬁed from the
literature was an environmental issue network. Environmental issue
networks refer to relatively loose collaborative coalitions formed
around speciﬁc issues such as environmental problems or policies.
They aim for institutional change through collective action and
focus on developing policies, norms and values among the network
actors. They are often temporary in nature, varying in length
depending on the life-cycle of the focal issue. They also involve a
diverse set of actors with asymmetrical power and resources,
comprising private sector ﬁrms, governmental authorities, NGOs
and even powerful individuals (Ritvala and Salmi, 2010, 2011).
Ritvala and Salmi (2010) studied how environmental issue
networks are formed through mobilisation. They describe three
separate initiatives that aim to improve the state of the Baltic Sea, a
contemporary environmental concern that requires the mobi-
lisation of actors from the region's various countries to address the
issue. Ritvala and Salmi (2010) conceptualise environmental issue
networks to be triggered by actors with strong values for taking
responsibility to solve the focal issue. These actors act as mobilisers
which challenge other actors to join the network through high
media visibility and public framing. This mobilisation is enabled by
social capital and shared values among the actors and, while their
cooperation aims at environmental beneﬁts, participating ﬁrms can
also gain business beneﬁts and improved public image (Ritvala and
Salmi, 2010). In another study by Ritvala and Salmi (2011), motives
of target ﬁrms to participate in issue networks are explored. It
seems that, here, individual and organisational values and also
relationships play important roles. Furthermore, network beneﬁts
such as potential new business opportunities and partners are good
motivators (Ritvala and Salmi, 2011).
Anotherexampleof environmental issuenetworks is presented in
Andersson and Sweet's (2002) paper inwhich the role of a mobiliser
in the development process of a recycling system was studied in a
food retail chain in Sweden. They highlight the mobiliser's role as a
bridging point between different actors. Furthermore, there are
several relationship changes between participating organisations
during the development process, which lead to changes in organ-
isational structures, exchanges of information and knowledge, and
administrative routines. Thus, due to the activity of a dominant
change agent, recycling ideas spread further into the food retail
systemandtootherbusinessnetworks (AnderssonandSweet, 2002).
Veal andMouzas (2010) examine environmental issue networks
on a global scale, focusing on the global network that addresses
climate change. This network comprises various actors including
governments, private sector businesses, research institutions,
NGOs, international governance bodies and business associations.
They found that environmental issue networks can be hindered by
various cognitive biases that act as barriers to collaboration. Three
processes were identiﬁed through which collaboration between
actors develops: 1) the development of cognitive frames, 2) nego-
tiation with each other and 3) attempting wise trades that lead to
joint gains among the actors. The barriers to each of these processes
need to be overcome for successful collaboration.
4.4. Environmental solution networks
The fourth identiﬁed network form was an environmental solu-
tion network, which refers to a collaborative approach that involves
combining knowledge, technologies and other resources across
organisational boundaries to create an eco-efﬁcient solution. These
Table 2
Comparison of the operational logic and network architecture of eco-industrial network forms.
Industrial symbiosis networks Sustainable supply networks Environmental issue networks Environmental solution networks
Operational logic
Focus of
environmental
action
Improving eco- efﬁciency of
production through by-product and
waste reuse, utility and service
sharing, information exchanges.
Decreasing environmental
footprints of products through life-
cycle thinking.
Pollution control/prevention
measures and increased awareness
on environmental challenges
through collaborative projects.
Developing eco-innovative
solutions that integrate the
resources and capabilities of
multiple network actors.
Drivers Economic and environmental
beneﬁts; legislation; personal
values.
Consumer demands; stakeholder
pressures; legislation; personal
values.
Existing environmental challenges;
personal and organisational values;
network beneﬁts.
Acquisition of knowledge on new
environmental solutions (i.e.
technologies and/or services);
personal values.
Network architecture
Actors Complementary industrial ﬁrms
from various industries;
authorities; NGOs.
Industrial ﬁrms, typically from the
same supply chain; vertical
connections.
Industrial ﬁrms; municipalities;
authorities; NGOs; research
organisations.
Horizontally and vertically
connected actors with
complementary resources, mostly
industrial ﬁrms, their customers,
and research institutes.
Commons Shared knowledge, and tangible
resources and/or energy.
Shared GSCM information and
product life-cycle knowledge.
Shared knowledge and potential
other intangible assets (e.g.
legitimacy and brand).
Shared knowledge; potentially
shared intellectual property rights
and technology.
Protocols,
processes,
infrastructures
Formal exchange of resources,
shared norms, social
embeddedness.
Formal mechanisms for ﬂows of
information and materials;
standard operating practices;
cooperative green actions.
Mobilisation of actors;
negotiations; formal agreements.
Mobilisation of network resources;
co-development; technology
adaptation.
Stratiﬁcation of
decision making
Ranges from hierarchical (i.e.
planned) to heterarchical (i.e. self-
organising)
Mostly hierarchical with formal
supply chain relations.
Typically heterarchical, but can
include hierarchical aspects.
Typically, hierarchical management
by hub ﬁrms.
Permeability of
boundaries
Regionally constrained. Supply chain constrained. Geographical constraint depending
on scale of the issue (i.e. local or
global); temporal limitations.
Constrained by core technology/
solution.
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several suppliers that are combined, usually through a central actor
which acts an integrator, to create a new marketable solution. The
beneﬁts of technological innovation and integration can lead to an
offering that has lower environmental impacts in comparison to its
alternatives (Baraldi et al., 2011).
Baraldi et al. (2011) examined the Leaf House project and its
accompanying network, which is an example of a technological
network that promotes eco-sustainability. The Leaf House project
focused on developing the ﬁrst zero-emission house in Italy, which
was a large step forward in terms of energy efﬁciency relative to
existing alternatives. The project was coordinated by the Loccioni
group, which acted as the technological integrator. The project
comprised 80 involved partners, ranging from suppliers of stand-
ardised products to full subsystem suppliers. Some of the involved
partners wereWhirlpool (i.e. energy efﬁcient appliances), IKEA (i.e.
sustainably produced furniture) and Cisco Systems (i.e. ICT systems
for smart energy usage) (Baraldi et al., 2011).
The project, while serving the main function of an integrated
solution that provided revenue for the involved network actors,
also served other purposes. Several of the more prominent network
members could utilise the Leaf House in its development phase as a
testing facility for new environmentally friendly technologies. In
addition, many of the network members utilised the Leaf House
project as a PR tool to boost their corporate sustainability image.
The study also highlighted the concept of embedding technology
for the successful operation of the network. To successfully develop
an integrated solution, the involved network needed to evolve,
through actions such as co-development and mutual technology
adaptation, to diffuse the new technology (Baraldi et al., 2011).
5. Comparison of network forms
In this section, we compare the four identiﬁed forms of eco-
industrial networks to identify their differences and similarities.A detailed comparison is shown in Table 2. Based on the analysed
literature, we found key differences and similarities in the opera-
tional logic and also in the architecture of the network forms. The
proposed categorisation shows the perspective, (and the potential
bias), of the extant literature regarding the forms of eco-industrial
networks. As it is based on an emerging ﬁeld of research, the cat-
egorisation is suggestive rather than exhaustive. The typology
should be perceived as an initial step towards shedding light on the
mechanisms through which industrial networking can advance
sustainability. It makes salient the potential mechanisms that have
been addressed in the extant literature and establishes a basis for
further empirical work.
The identiﬁed network forms are empirically overlapping
although analytically distinct as they differ fundamentally in terms of
the primary logic throughwhich they seek to advance environmental
sustainability.While thenetwork formsmight facilitate advancement
of similar outcomes, each form advances environmental objectives
through primarily different operational logic, or the mechanisms
through which it pursues environmental beneﬁts. For example, all
four network forms have the potential to facilitatewaste reduction. In
industrial symbiosis networks, this objective is achieved primarily by
turning waste and by-products into material inputs. In sustainable
supply networks, the same objective can be achieved by implement-
ing waste minimisation standards across the supply chain. In envi-
ronmental issue networks, the object can be addressed by creating
awareness on waste management and, in environmental solution
networks, by facilitating the co-developmentofnew technologies and
solutions forwaste reduction. A combination of operational logics can
also be present in some networks. For example, recent work on in-
dustrial symbiosis networks suggests that simultaneous issue net-
works can form as the network evolves and industrial symbiosis
becomesacollectivenetwork-level goal.However, as suggestedby the
identiﬁed articles on issue networks, these networks can take various
forms that arenotalways focusedon resourceexchangesand, thus,we
classify them as a separate network form.
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three dimensions that comprise an actor-oriented architecture: ac-
tors, commons and also protocols, processes and infrastructures
(Fjeldstad et al., 2012). Actors are the members of the network who
have the capabilities and values to self-organise. Actors can be orga-
nisations such as private ﬁrms or key individuals. Commons are the
tangible or intangible resources that are collectively owned and
available to the actors. One example of a common resource is an in-
formation system that facilitates network activities. Intangible com-
mon resources can include standards for network activities or a brand
associated with the network. Lastly, a network requires protocols,
processes and infrastructures that enable collaboration. Protocols are
the codes of conduct employed by the actors in their collaborative
activities,while infrastructures are the systems that connect actors. In
addition, various network-level processes can be utilised to coordi-
nate the network's activities (Fjeldstad et al., 2012). In addition to
these three dimensions, two additional ones are employed to
describe network architecture: the permeability of boundaries and
decision-making stratiﬁcation (Gulati et al., 2012). The extent to
which a network's boundaries are open or closed can vary greatly in
collaborative arrangements. A network can be open to all relevant
actors or membership can be restricted by some criteria. A collabo-
rative supply network is an example of a restricted network inwhich
membership is typically limited to industrial ﬁrms involved in the
network's economic activities. Open network models include, for
example, open-source software projects such as Wikipedia or busi-
ness ecosystems formed around mobile operating systems such as
Android or iOS. Lastly, the internal stratiﬁcation of decision-making
affects a network's design. Many networks have some structural hi-
erarchy. This is typical, for example, of networks in which an inte-
grator is in charge of aggregating the innovative efforts of multiple
members. Stratiﬁcation helps reduce the complexity of coordination
bydividing the collective into smaller subgroups that can specialise in
speciﬁc activities. Conversely, heterarchical networks with low
decision-making stratiﬁcation give all members similar or over-
lapping rights or responsibilities, resulting in a “community of
equals”. This can increase members' sense of ownership and
commitment to network activities, but can also discourage task
specialisation and make coordination of the network more difﬁcult
(Gulati et al., 2012). In the following,wecompare theoperational logic
and architecture of the four network forms in detail.
5.1. Operational logic
The analysed forms of eco-industrial networks have primarily
different operational logics. These range from material reuse and
reduction of environmental footprints through life-cycle thinking
to taking collective action that addresses problems and generates
eco-innovations.
Industrial symbiosis (IS) networks concentrate mainly on the ex-
change of material resources, although participating companies can
also share utilities and services (Ashton, 2008), and also information
(Chertow, 2007; Chertow and Ehrenfeld, 2012; vonMalmborg, 2004;
Van Ha et al., 2009). Collaboration in symbiosis networks can yield
ﬁnancial and environmental beneﬁts (e.g. Behera et al., 2012;
Dimitrova et al., 2007; Tudor et al., 2007). In fact, economic advan-
tages are essential for IS as, without them, companies are not moti-
vated to participate and develop symbiotic relationships.
Opportunities to improve competitiveness by means of IS networks
include the reduction of operating costs and/or increasing revenues
through more efﬁcient use of materials and energy (e.g. by-product
sale; waste minimisation), and innovative product and process
changes (Dimitrova et al., 2007; Lombardi and Laybourn, 2012;
Taddeo et al., 2012; Tudor et al., 2007). Environmental beneﬁts such
as increasing efﬁciency of resource use, reducing emissions andeliminating waste are also important drivers of IS (Ashton and Bain,
2012; Chertow, 2007). This helps participating ﬁrms to gain legiti-
macy and comply with environmental legislation (Ashton, 2011;
Dimitrova et al., 2007). Governmental policy that supports and en-
ableswasteexchange is important for thedevelopmentof ISnetworks
(Chertow,2007;DomenechandDavies,2011;GibbsandDeutz,2007).
Sustainable supply networks are mainly driven by stakeholder
pressures and regulations for manufacturers to improve the eco-
efﬁciency of their operations and develop reverse supply chains to
manage used products (Bansal and McKnight, 2009). Stakeholder
demands from governmental agencies, NGOs, employees and
environmentally conscious customer segments bring pressure to
bear on companies to introduce measures aimed at reducing envi-
ronmental impacts across the supply chain (Vachon and Klassen,
2007). The main focus of sustainable supply networks is to
decrease the environmental footprints of products through life-
cycle thinking. While symbiosis networks focus on waste reduc-
tion across entire systems of ﬁrms, the focus in sustainable supply
networks is usually on ﬁrms' waste reduction through product and
process innovations. Thus, activities of sustainable supply networks,
such as pollution prevention within a single ﬁrm, can be counter-
productive for IS activities as a potentially valuable resource can be
reduced beyond reusable levels (Bansal and McKnight, 2009).
Similarly, governmental regulation mechanisms designed from a
sustainable supply networks' perspective, such as restrictions for
the handling and transportation of waste, can be a hindrance to IS
activities (Bansal and McKnight, 2009).
In the analysed literature, it is possible to ﬁnd two distinct
operational logics of environmental issue networks. The Baltic Sea
initiatives described by Ritvala and Salmi (2010, 2011) were mostly
formed through the mobilisation of actors which chose to volun-
tarily participate in the projects, driven by existing environmental
challenges and also personal and organisational values. In contrast,
the global climate change network (Veal and Mouzas, 2010) com-
prises actors which are not necessarily involved to promote col-
lective environmentally sustainable action but rather to promote
their self-interests, such as keeping the restriction of CO2 emissions
as small as possible to minimise short term costs in respect of
pollution prevention. Common to both of these network examples
is their focus on pollution prevention and control measures con-
cerning a speciﬁc environmental issue. Furthermore, collaboration
with a diverse set of actors can also result in business beneﬁts, such
as new business opportunities, to participating ﬁrms (Ritvala and
Salmi, 2011). It also facilitates the alteration of actors' mindsets
(Andersson and Sweet, 2002).
The focus of environmental solution networks is to develop inte-
grated solutions that decrease environmental impacts in compari-
son to existing alternatives. The activities in the network include co-
development, knowledge sharing, joint adaptation and also stan-
dard market transactions to achieve technology embedding and
integration. Integration can increase environmental sustainability
due to a higher focus on the service element instead of physical
goods, as highlighted by the literature on product-service systems
(e.g. Morelli, 2006). Collective creation of product, process or service
innovations is the primary operational logic of environmental so-
lution networks, in which involved actors can beneﬁt from the
combination of complementary ﬁrms' resources, improved ﬁt of
solutions and customer preferences, and enhanced user adoption
and public image (Baraldi et al., 2011; Chesbrough, 2003).
5.2. Network architecture
5.2.1. Actors
The key actors in IS networks are participating industrial ﬁrms,
often fromdifferent industries. Heterogeneity betweenparticipating
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portunities to ﬁnd suitable partners (Dimitrova et al., 2007; Taddeo
et al., 2012). Furthermore, a dense web of relationships is typical of
IS (Bansal and McKnight, 2009). In addition, governmental organi-
sations and NGOs might be involved as knowledge providers or
coordinators.
Two key factors differentiate the types of actor involved in
sustainable supply networks and IS. Supply networks are usually
regarded with a vertical orientation of the ﬂows of physical goods
downstream in the chain, and used products and components
upstream in reverse logistics, funds upstream and information
throughout the chain (Bansal and McKnight, 2009). Although
supply chains involve multiple customers and suppliers in a larger
supply network, industrial ﬁrms generally have a smaller subset of
strategically important suppliers and customers and, thus, supply
networks are usually conceptualised in a linear manner (Bansal and
McKnight, 2009).
Environmental issue networks differ from the other identiﬁed
network types by encompassing a broader variety of involved ac-
tors. In addition to private ﬁrms from different sectors, environ-
mental issue networks typically comprise public authorities, NGOs,
interest associations and research organisations (Veal and Mouzas,
2010). This results in a complex network structure with potentially
conﬂicting interests (Veal and Mouzas, 2010).
Environmental solution networks are often headed by a hub ﬁrm
which acts as an integrator for the technological solution and
brings together the products, services and subsystems provided by
various suppliers and partners (Baraldi et al., 2011). The hub ﬁrm
can integrate actors vertically across the supply chain and also
horizontally to obtain complementary products and services for the
integrated offering. In addition to industrial ﬁrms, other actors such
as research organisations and customers might be involved in
technological development.
5.2.2. Commons
Typically, IS networks have shared knowledge bases that enable
actors to ﬁnd new opportunities and potential new partners for
exchange (ChertowandEhrenfeld, 2012). Commons can also include
tangible resources through the pooled use and management of
shared resources such as energy and water (Chertow, 2007).
Sustainable supply networks include the sharing of information
that relates to supply chain management activities and also deeper
product life-cycle knowledge to ﬁnd opportunities for pollution
control and prevention in manufacturing processes (Seuring,
2004).
Environmental issue networks aim to diffuse knowledge on the
state of speciﬁc environmental issues and also to related possible
pollution prevention and control (Ritvala and Salmi, 2010). This
creates a shared situational awareness on challenges and oppor-
tunities in the environment and available resources with which
theymight be addressed (Fjeldstad et al., 2012). Issue networks can
also provide other intangible assets to the network members such
as shared legitimacy that facilitates further opportunities for
resource mobilisation by, for example, access to political actors
(Ritvala and Salmi, 2010).
Environmental solution networks are also characterised by
knowledge sharing as a common resource to achieve integrated
solutions. Existing research on innovation networks suggests that
they can potentially include further commons such as shared in-
tellectual property rights and technologies to strengthen relation-
ships between network actors (Baraldi et al., 2011).
5.2.3. Protocols, processes and infrastructures
There are three different methods by which an IS network
evolves: 1) self-organising, 2) facilitation by organisations orindividuals and 3) planning (see e.g. Chertow and Ehrenfeld, 2012;
Paquin and Howard-Grenville, 2012). Self-organised networks
develop by themselves without a coordinator, whereas an execu-
tive coordinator develops planned networks. Thus, in planned
networks a coordinator (e.g. a governmental organisation) in-
ﬂuences a network's structure and norms. Between self-organised
and planned networks lie facilitated networks, in which a co-
ordinator's main task is to ﬁnd potential partners among partici-
pating companies (Paquin and Howard-Grenville, 2012). For
example, the National Industrial Symbiosis Program (NISP) in the
UK facilitates the formation of IS relationships by sharing infor-
mation and analysing potential exchanges between participating
companies (Domenech and Davies, 2011). To operate, regardless of
how a network has evolved, an IS network requires partnerships
based on trust, shared norms, long mutual dependence and per-
sonal relationships for knowledge transfer (Baas, 2011). Tangible
resource exchanges between actors are usually governed by formal
market mechanisms.
Coordination in a sustainable supply network is usually accom-
plished through formal information exchanges, such as orders,
forecasts and inventory information and also market-based trans-
actions for the ﬂow of goods between actors (Bansal and McKnight,
2009). Supply networks are also characterised by highly stand-
ardised operating practices between actors to achieve efﬁciency
(Bansal and McKnight, 2009). Standards can also be employed to
coordinate green actions; for example, by imposing environmental
criteria on suppliers (Seuring, 2004). However, studies have shown
that “greening” actions aimed at decreasing environmental impacts
within the supply network also require cooperation and integration
among actors in the network (Seuring, 2004).
An Environmental issue network can display considerable vari-
ance in protocols, processes and infrastructure to achieve collabo-
ration. Collaborative action in voluntary issue networks can be
achieved through processes such as network mobilisation and
framing and communication of environmental challenges (Ritvala
and Salmi, 2010), whereas more coercive forms of issue network
require negotiations and wise trades to achieve consensus, which
can be formalised through binding agreements such as, in the case
of climate change, the Kyoto protocol (Veal and Mouzas, 2010).
An environmental solution network requires coordination pro-
cesses by hub ﬁrms to mobilise the required network resources for
the development of a solution and also to manage the network's
evolution. Coordination processes in the network also include co-
development, knowledge sharing and joint action to achieve the
embedding and integration of technology (Baraldi et al., 2011).
5.2.4. Hierarchy of decision making
As previously noted, IS networks evolve in different ways and
these evolutionary paths differ in the extent of decision-making
stratiﬁcation within a network. Planned IS networks are the most
hierarchical form; network coordinators can even design the
network by top-down planning and recruiting suitable companies
to join the network (Gibbs and Deutz, 2005). This is especially
typical in eco-industrial parks. Facilitated networks have some
formal coordination mechanisms for managing the network's
evolution, diffusing knowledge and ﬁnding new exchange oppor-
tunities; however, they are also partly driven by serendipitous re-
lations that arise between network actors. Self-organised IS
networks have the most heterarchical decision-making processes
that emphasise community, shared values and embedded relations
between actors, which enables the actors to ﬁnd exchange oppor-
tunities (Chertow and Ehrenfeld, 2012).
Sustainable supply networks are often dominated by large and
powerful global ﬁrms, leading to more hierarchical control and
coordinationmechanisms (Fjeldstad et al., 2012; Gulati et al., 2012).
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might employ competitive tactics to achieve more power in the
network. They often lack the informality of social relations that
have been found to be important for the identiﬁcation of new ex-
change opportunities in self-organising IS networks (Bansal and
McKnight, 2009).
Environmental issue networks also have varied forms of decision-
making, depending on the scale and importance of the issue. At one
end of the scale, they can be characterised by heterarchical self-
organisation and voluntary cooperation among actors with
shared values (Ritvala and Salmi, 2010), while, at the other end,
highly important global issues such as climate change also require
hierarchical decision-making, such as enforced restrictions on CO2
emission limits (Veal and Mouzas, 2010).
Environmental solution networks are characterised by hub ﬁrms
which act as integrators for the network. While network members
are autonomous actors, hub ﬁrms have a largely hierarchical role in
managing the integration. Hub ﬁrms need to coordinate various
involved partners and suppliers to manage possible conﬂicts of
interest, controlled expansion of the network and various contexts
of embedding technology: development activities such as R&D,
production operations and usage activities on the customer's side
(Baraldi et al., 2011). However, some innovation networks, such as
open source communities in the IT sector, can also be highly
heterarchical in nature (Gulati et al., 2012). This suggests that,
depending on the extent of control exercised by hub ﬁrms, envi-
ronmental solution networks can also be heterarchically formed.
5.2.5. Permeability of boundaries
The degree of openness in a network was the ﬁnal examined
dimension of the identiﬁed eco-industrial network forms' archi-
tecture. It is difﬁcult to classify them as distinctly open networks
(e.g. open source communities) or those that are closed (e.g. stra-
tegic alliances). However, all network forms have some constrain-
ing factor that limits expansion. IS networks are distinguished by a
regional focus, as best demonstrated by eco-industrial parks. Long
transportation distances for waste and by-products are not desir-
able due to added transportation costs and environmental impacts.
The proximity of involved actors also plays a major role in enabling
the development of embedded relations that foster a network's
development. Conversely, sustainable supply networks are rarely
conﬁned by geography; rather, global relationships between sup-
pliers and customers are common and driven by cost concerns
(Bansal and McKnight, 2009). Thus, geographic proximity between
actors plays a smaller role than in IS networks. However, unlike IS
networks in which cross-industry relationships are more common,
supply networks are commonly constrained to actors along a single
supply chain (Liu et al., 2012).
Environmental issue networks are the most open form of the
identiﬁed networks, especially in the case of voluntary participa-
tion. However, depending on the scale of the environmental issue,
they can still be limited by geography. Regionally limited issues
typically mobilise actors which are closely affected by that partic-
ular issue (e.g. contamination of a ground or water area), while
global challenges call for global cooperation. It is also noteworthy
that some environmental issue networks are temporary and might
disband as the issue loses signiﬁcance. However, many environ-
mental issues are difﬁcult to solve and, thus, require long-term
collaboration (Ritvala and Salmi, 2010). The global climate change
network is a good example of one that is very likely to have a long
lifespan (Veal and Mouzas, 2010).
Environmental solution networks are typically constrained by the
same membership criteria as many innovation networks (Gulati
et al., 2012). Members are chosen depending on the technology,
resources and capabilities that they possess, so that theycomplement the central technological solution (Baraldi et al., 2011).
Some degree of redundancy in network resources might be desir-
able to provide ﬂexibility in a changing environment, but it might
also restrict cooperation by creating a competitive situation be-
tween actors (Gulati et al., 2012). Technological ﬁt is ultimately the
most important membership criteria in solution networks (Baraldi
et al., 2011).
6. Discussion
According to our ﬁndings, we believe that this study advances
the interaction of industrial symbiosis (IS), sustainable supply,
environmental issue and solution networks and also the identiﬁ-
cation and analysis of alternative forms of eco-industrial networks.
In addition, our results contribute to calls for shifting the focus of
sustainability research from individual actors to a more systemic
and network-based perspective (Manring, 2007; Wittneben et al.,
2012). The study's ﬁndings yield the following implications for
practice, policymakers and future research on networks and
sustainability.
6.1. Implications for policy-making and practice
Our analysis of the operational logics of eco-industrial networks
offers three key implications for policy-making and practice. First,
policymakers and practitioners need to become aware of the
different mechanisms through which industrial networking can
reduce environmental load. By acknowledging the variety of
differentoperational logics andmechanisms, policymakers can form
awider portfolio of platforms that serve the alternative networking
forms and enable ﬁrms to identify potential collaborators. To facil-
itate the development of various types of eco-industrial network,
policymakers need to build systems that take into account the dif-
ferences and similarities in alternative network forms that enable
actors to connectwith each other and access relevant information in
a meaningful and purposeful manner. For example, the advance-
ment of symbiosis networks requires comprehensive regional da-
tabases on the inputs and outputs of production plants, whereas the
advancement of environmental solution networks requires infor-
mation on ongoing and planned technology development projects
and platforms to pair ﬁrms with synergistic R&D opportunities.
While sustainable supply networks can be promoted by raising
consumer awareness, the emergence of issue networks can be
facilitated by arranging networking events and opportunities for
ﬁrms that share an environmental concern to take collective action.
To date, legislation is often a trigger for eco-industrial
networking. Good examples of this are Kalundborg in Denmark,
the National Industrial Symbiosis Program (NISP) in the UK and the
municipality of Chamusca in Portugal (Costa and Ferrao, 2010;
Domenech and Davies, 2011), which were all encouraged to form
IS networks by regional regulations. Furthermore, government
support and incentives are essential for advancing environmental
sustainability, as was the case with, for example, the Ulsan eco-
industrial park in South Korea and the NISP in the UK (Behera
et al., 2012; Domenech and Davies, 2011). However, regulation
can be an obstacle to turning waste into raw materials, as with the
IS case in the Gulf of Bothnia in Finland and Sweden (Salmi et al.,
2011) and in Sarnia in Canada (Sakr et al., 2011). Although these
are examples of IS, similar situations concern, at least, sustainable
supply chains and environmental solution networks. Similarly,
policies promoting transparency in the use of resources by indus-
trial ﬁrms can facilitate especially sustainable supply networks, but
can also promote other eco-industrial network forms. However,
there is a need for all mentioned forms of governmental support
because signiﬁcant opportunities for reducing environmental load
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particular form of eco-industrial networking.
Second, environmental issue networks highlight the role of
issue-based mobilisation of actors for solving environmental
problems. While these networks do not always have a concrete
agenda for providing business beneﬁts to participants, this form of
organising can be utilised for the formation of other types of eco-
industrial networks. For example, recent research on IS has high-
lighted the role of social embeddedness for the diffusion of envi-
ronmental knowledge and values among actors (Ashton and Bain,
2012; Chertow and Ehrenfeld, 2012). We suggest that issue-based
mobilisation can be a key activity in promoting social relations
and initiating collaboration between actors that can eventually lead
to eco-industrial networks. The extant literature on the concept of
imprinting in organisational research has shown that organisations
adopt elements of their founding environment that can persist well
beyond the founding stage (Marquis and Tilcsik, 2013). Networks
that emerge through issue-based mobilisation can thus be
imprintedwith the environmental values that served as the catalyst
for their foundation (Ritvala and Salmi, 2010).
Third, industrial ﬁrms should consider a broader variety of ex-
change options available for decreasing environmental impacts
through inter-ﬁrm relations. One example of this is the option
between GSCM and IS; decreasing the output of waste or by-
product through GSCM activities beyond a particular limit might
prevent it from being re-utilised in IS. As such, the supply chain's
limited perspective can be a hindrance. Environmental solution
networks provide another set of options for collaboration: those
focused on horizontal relations between actors. New technological
solutions generated by horizontal collaboration can enable the
development of other eco-industrial networks; for example, by
generating novel technologies to reprocess by-products in IS net-
works or pollution prevention solutions for GSCM activities. For
example, IS might be a feasible solution for an industrial ﬁrm only
after it acquires sufﬁcient technological resources for reprocessing
waste.
The analysis of the identiﬁed eco-industrial network forms' ar-
chitectures can also offer some interesting insights for policy-
making and practice. First, collaboration among a wide variety of
organisations is needed for eco-industrial networks. Collaboration
can span vertical relations in supply chains and also horizontal
collaboration with competitors or actors possessing complemen-
tary offerings. IS typically requires cross-industrial relations to ﬁnd
novel usages for waste and by-products. In addition, eco-industrial
networks should also span different sectors, bringing together
private sector ﬁrms with governmental organisations and NGOs,
which can bring new knowledge on opportunities for environ-
mental protection. We suggest that strategic coalitions should be
formed around key environmental issues, which maximise
knowledge on opportunities by bringing together a wide variety of
organisations from different sectors that are stakeholders in the
issue. A polycentric governance approach for environmental issues
suggested by Ostrom (2009), which maximises local-scale oppor-
tunities and incentives for cooperation, could facilitate these types
of coalition.
The dilemma between central coordination and self-
organisation is another key issue that has received much atten-
tion, especially with regard to IS. Much of the literature makes a
sharp distinction between these two evolutionary forms of IS (e.g.
Baas, 2011). Our review suggests that this issue is more complex.
The facilitated model of IS in the UK has proved to be highly suc-
cessful for developing relations. Green supply networks and envi-
ronmental solution networks also favour some degree of hierarchy
in the coordination of the networks' activities. Often, this might be
because smaller ﬁrms in the networks lack the resources orknowledge to be able to undertake purposeful initiatives for
developing environmental activities. This suggests that an eco-
industrial network needs one or several key organisations
actively furthering the collective goal of the network. Simulta-
neously, the network architecture should also facilitate opportu-
nities for serendipitous relations, as an overly hierarchical network
can also hinder progress (Paquin and Howard-Grenville, 2012).
With this in mind, we suggest that a modiﬁed form of the actor-
oriented network architecture, which has proven successful in
areas such as innovation, would be highly suitable for the devel-
opment of eco-industrial networks. The key elements of this ar-
chitecture, common norms and protocols for network activities and
also common resources and infrastructure that enable members to
serendipitously self-organise, are well suited for promoting envi-
ronmental awareness in industrial ﬁrms and facilitating the ﬂexible
formation of environmentally friendly business relations. However,
a coordinating organisation can provide a tremendous boost to a
network's activities. It can take a broader perspective on devel-
oping elements of the network's architecture and also gain new
resources for the network through issue-based mobilisation. For
example, a coordinating organisation for IS can communicate the
network's activities to the wider society, actively facilitate the for-
mation of new network relations and also inﬂuence political
decision-making to develop a legal environment that supports IS.
However, as our review suggests, eco-industrial networks can take
different forms through the operational logic by which they aim to
provide environmental beneﬁts and, thus, themost suitable form of
network architecture is likely to be context dependent.
6.2. Implications for further research
Our research uncovered several fruitful avenues for academic
research. First, given the potential transformative power of net-
works in advancing environmental sustainability, it is surprising
that studies on networks and sustainability are relatively scarce
and dispersed into separate streams of the literature. For example,
IS has had only a little inﬂuence in the supply chain literature;
however, there is a considerable opportunity to combine these
perspectives (Bansal and McKnight, 2009). Moreover, insights
from the extensive research on alliances, networks and inter-
organisational collaboration (Ahuja et al., 2012; Brass et al.,
2004; Fjeldstad et al., 2012; Gulati et al., 2000) are not inte-
grated with studies on eco-industrial networks. Based on our
ﬁndings, we propose that researchers need to acknowledge the
multifaceted potential of industrial networks in advancing envi-
ronmental sustainability and focus their attention on the design,
functioning and processes of multi-actor collaborative networks.
One way to accomplish this might be to explore hybrid eco-
industrial networks that simultaneously enact multiple logics to
reduce the environmental load. Concurrent materials reuse, col-
lective action, value-chain optimisation and co-innovation among
network partners might result in highly inﬂuential networks that
play a substantial role in advancing environmental sustainability.
Research methodologies from network research could offer new
insights for the study of eco-industrial networks. Social network
analysis can uncover the underlying structural elements and dy-
namics of business networks (Ahuja et al., 2012) and is already
gaining interest among eco-industrial networks, especially with
regard to IS research (Ashton, 2008). Qualitative methodologies
focusing on network processes and focal events can also help to
gain a rich understanding on the dynamics of eco-industrial net-
works (Halinen et al., 2013).
Second, further research on the role of speciﬁc network forms in
addressing particular environmental issues is also needed. For
example, IS networks and environmental solution networks are
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important area for further research on eco-industrial networks.
Third, more research is needed on the interplay between heter-
archical processes of self-organisation and the more hierarchical
processes of central coordination in the development of eco-
industrial networks. For example, decision-making in IS networks
is described as inherently mostly heterarchical, with self-
organisation among actors. However, some examples (Paquin and
Howard-Grenville, 2012, 2013) suggest that coordination of an IS
network can be very effective when orchestrated by a third party
organisation. As mentioned in the previous section, our research
found a variety of network architectures that can support the
developmentof eco-industrial networks. Future researchcouldstudy
how contextual factors, such as the operational logic of the network
or the institutional environment in which the network operates,
affect the success of different architectural arrangements.
Finally, our research focused on inter-organisational networks
aiming at beneﬁcial environmental action and not on the potential
negative consequences that networking can have in this context. For
example, networks can also facilitate the diffusion of environmen-
tally hazardous practices among industrial ﬁrms. Industry associa-
tions also commonly attempt to inﬂuence political decision-making
to create a more favourable operating environment for ﬁrms in their
sector, which can include lobbying against tighter environmental
laws. Further research is needed to determine how these potential
negative network effects impact eco-industrial networks.
7. Conclusions
Network-based collaboration is critical to the solution of
complex problems such as the environmental load of production
and consumption. A substantial body of the literature documents
how collaborative networks operate and yield several beneﬁts for
involved actors. However, research on networks and sustainability
is at a relatively early stage and dispersed among different streams
of the literature. By analysing various forms of eco-industrial
networks, their operational logics and architecture, this study's
objective is to broaden the relatively limited understanding on
ways by which networks can advance environmental
sustainability.
Prior research perceives the potential of eco-industrial networks
primarily from the perspective of industrial symbiosis. However, a
multidisciplinary literature review suggests that the potential role
of networks in advancing environmental sustainability is much
broader. Based on a systematic literature review, we identiﬁed fourAppendix
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Jforms of eco-industrial networks: 1) symbiosis networks, 2) sus-
tainable supply networks, 3) environmental issue networks and 4)
environmental solution networks. There are major differences in
the logics through which these network forms advance environ-
mental sustainability. Analysis of these network forms suggests
that collaborative eco-industrial networks have the ability to
rationalise and improve resource utilisation through industrial
symbiosis and sustainable supply networks, accelerate the diffu-
sion of more sustainable practices and foster environmental
awareness and collective action through environmental issue net-
works, and also generate novel technologies and solutions for
reducing environmental impacts through environmental solution
networks. Firms can achieve cost reductions resulting from
improved resource efﬁciency and increased revenues through
selling reusable waste and by-products, and also through eco-
innovative solutions. In addition, all identiﬁed network forms
have the potential to improve participating ﬁrms' corporate images,
which is important for the management of key stakeholders' ex-
pectations and to achieve legitimacy. However, orchestrating the
rather complex network architecture and the potential conﬂicts of
interests and goals between network participants appears to be a
key challenge for all forms of eco-industrial networks.
It seems that there is a need to build broad coalitions of or-
ganisations that are mobilised to address environmental issues.
Thus, network architecture that maximises the members' capa-
bility to self-organise while also including a coordinating orga-
nisation can be highly suitable for eco-industrial networks. By
providing some fruitful avenues for future research on eco-
industrial networks, we hope that this study advances the inte-
gration of IS, sustainable supply, environmental issues and solu-
tion networks, and also the identiﬁcation and analysis of
alternative forms of eco-industrial network. We suggest that this
broader perspective will beneﬁt future research by providing
more understanding on the multifaceted role of eco-industrial
networks in advancing sustainability.
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